Abstract: To establish reference values for pulmonary asbestos and non-asbestos fiber concentrations in rural Korean residents, and their comparison with those of urban Korean residents and the Japanese, autopsied lung samples from 22 subjects (20 males and 2 females), in Pohang, without known occupational asbestos exposure histories, were analyzed for asbestos and non-asbestos fibers, using transmission electron microscope equipped with an energy dispersive X-ray analyzer. Chrysotile was the major fiber type found in the lungs of the subjects. The residents in Pohang had significantly lower asbestos and non-asbestos fiber concentrations than the Korean urban residents. The Koreans had significantly lower asbestos and non-asbestos fiber concentrations than the Japanese.
Introduction
Asbestos came into use in Korea in the 1930s, but only came into wide use since the mid-70s, when Korean industry began to modernize. Thus, it can be presumed that Korea now has a high probability for incidences of asbestos-related diseases after 30 yr of use. Since an asbestos exposure related malignant mesothelioma case was officially acknowledged as the first occupational cancer, in 1993, and four workers, with more than 10 yr employment in asbestos industry, were found to have asbestosis, in 1995, one or two such physical disorders have been reported annually to date.
Many studies have reported the concentrations of asbestos and non-asbestos fibers in lungs [1] [2] [3] [4] [5] , but in Korea, there has only been one study with subjects from Seoul 6) . Sakai and his colleagues 7) conducted comparative studies, with both Korean and Japanese subjects in terms of their gender and location, and found that the Japanese had higher concentrations of asbestos in their lungs than the Koreans. The Japanese in urban areas also had higher concentrations than those in rural areas, while studies by area with the Koreans were not conducted.
Therefore, this paper aims to determine the asbestos and non-asbestos fiber concentrations in the lungs of Pohang residents, without known occupational asbestos exposure histories, and to make a comparison of the findings of the asbestos and non-asbestos fiber concentrations in the lungs of Koreans and Japanese by country and area. Our data would also be useful in establishing the reference values of pulmonary mineral fiber contents in Korean. Table 1 shows the demographic characteristics of the subjects. The lung samples for this study were gained from autopsy cases of a university hospital located in Pohang. The subjects had mostly died due to accidents. Most had no past or present medical history of respiratory diseases. The 22 subjects are composed of 20 males and 2 females. The mean age of the male subjects was 38.6 yr, while that of females was 52.0. The occupations in male subjects were 7 production workers, 4 office workers, 4 unemployed, 2 sales clerks, 2 sailors and 1 taxi driver. Both the female subjects were housewives. Their autopsy records had no past occupational histories, so it was difficult to trace their past occupations and residences.
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Materials and Methods
Subjects
Preparation of lung tissues and analytical method
The lung samples were taken from the parenchymal tissue which lies 1-2 cm beneath the pleura of the right or left lobe. Before analysis, all the tissues were stored in 10% formaldehyde with phosphate buffered saline. The methods developed by Sakai and his colleagues 5) were employed for the preparation and analysis of the lung tissues. After about 0.5 g (wet weight) lung samples had been rinsed in distilled water to remove any fiber materials, they were cut into small pieces and lyophilized. The dried tissues were then treated to ashes at a low plasma level inside the low-temperature plasma asher (LTA-2S, Yanagimoto, Kyoto, Japan) for six hours. Their chemical remnants were suspended in 50 ml distilled water, treated for five minutes in an ultrasonic bath (45 Hz, power density 0.02 W/ml, Branson 3200, Yamato Scientific Co., Tokyo, Japan), shaken and filtered through a Nuclepore filter (diameter: 47 mm, pore size: 0.2 µm, Nuclepore Corp., Pleasanton, USA). The filter, with a bit of sediment, was coated with carbon, in a sputtering device (JEE-4X, JEOL, Akishima, Japan). Randomly-chosen pieces from the carbon-coated filter were moved to a carbon-coated nickel grid (200 mesh, Veco, Eerbeek, Holland), and the filter was resolved with chloroform. The prepared sample was placed under the transmission electron microscope (TEM, H-800, Hitachi Co., Tokyo, Japan), with 5-50 units of grid openings per sample observed at 10,000 magnifications. Materials with paralleled longer sides and a length three times that of the diameter were considered fibers. All the observed fibers were recorded and analyzed for their elemental composition, by an energy dispersive xray analyzer (EDXA, 7000Q, Kevex, Foster, USA) and divided into asbestos and non-asbestos fibers. Of the observed fibers, the shortest was 0.2 µm, and the thinnest 0.02 µm. The detection limit in this study was 0.04 × 10 6 -0.22 × 10 6 fibers/g of dry lung. The asbestos was categorized in comparison with a standard reference sample from the Japan Asbestos Association, while the type of non-asbestos fiber was classified with the combination of components, which had more than 30% content.
Statistical methods
The mean fiber concentrations are shown as the geometric means. When no fibers of a given type were seen in 50 grid openings, the concentration of that fiber type was set at one half of the detection limit to allow the geometric mean to be calculated. The mean fiber sizes (length, diameter, aspect ratio) are shown as geometric dimensions. For the statistical analysis, Kruskal-Wallis's one-way ANOVA and MannWhitney's U-tests were employed with the SPSS software for Windows version 8.0. Table 2 summarizes the incidences of asbestos by fiber type in the subjects. Chrysotile was found to be the most predominant type of asbestos, which was observed in 14 subjects (64%). Amphibole asbestos was observed in 7 subjects (32%), amosite in 2 (9%), tremolite in 5 (23%) and actinolite in 2 (9%). Table 3 summarizes the incidences of non-asbestos fibers by fiber type in the subjects. As for the non-asbestos fiber, aluminum silicate accounted for 57.9%, the highest percentage was found in every subject. The other nonasbestos fibers, as percentages were: iron phosphate was Table 4 shows the asbestos and non-asbestos fiber concentrations. The asbestos and non asbestos fiber concentrations in the men and women were 0.09 × 10 6 and 0.3 × 10 6 , and 4.61 × 10 6 and 17.79 × 10 6 fibers/g dry lung, respectively. Both the asbestos and non-asbestos fiber concentrations were found to be greater in the females, and with statistical significance. Table 5 presents the asbestos and non-asbestos fiber concentrations by age group. There was no statistically significant difference in the concentrations in relation to age. Table 6 summarizes the length, diameter and aspect ratio (length/diameter) of the asbestos and non-asbestos fibers. For chrysotile, the geometric mean length, diameter and aspect ratio were 1.04 and 0.05 µm, and 19.9, respectively. For amphiboles the geometric mean of the aspect ratio was 10.5, which was smaller than for the chrysotile. The geometric mean of the aspect ratio of all non-asbestos fibers was 7.2, while those by fiber type were similar, ranging from 5.1 to 8.5. Table 7 summarizes the number, diameter and aspect ratio in terms of the length of the asbestos fiber. Twenty-one percent of the asbestos fibers were longer than 5 µm: all of the chrysotile fibers were short, at less than 2.9 µm in length. All the amphibole fibers were long, at over 1.0 µm in length.
Results
Incidence of asbestos and non-asbestos fibers by fiber type
Fiber concentration of asbestos and non-asbestos fibers
Fiber size distribution of asbestos and non-asbestos fibers
Most chrysotile had no statistical significance, as it was short, at less than 0.1 µm in diameter, although it showed a tendency to increase its length along with increases in the aspect ratio. Amphiboles had diameters of more than 0.1 µm on average, and those with lengths of 5 µm or more were significantly increased in their aspect ratios, compared with those less than 5 µm. Table 8 summarizes the analytical results of the comparison of the Japanese, Seoul and Pohang residents, adopting the same analytical devices, methods and measurement technologies as the previous researcher groups. The Japanese males, with asbestos-related occupational histories, had more asbestos than the Japanese females without any such history. The Japanese males and females had more asbestos than Korean males and females, without known occupational asbestos exposure histories (p<0.05). Among Korean males without known occupational asbestos exposure histories, the Seoul residents had more asbestos than small city residents. All of the above had statistical significance.
Comparison of pulmonary fiber concentrations between Korea and Japan
Discussion
Asbestos is known as a harmful material, which causes asbestosis, lung cancer, and mesothelioma 8) . The use of asbestos has long been limited or banned in western societies, and has been categorized as materials that require permits for use in Korea. Asbestos began to be produced nationwide in the mid-1930s during the Japanese colonial period, as asbestos mines were developed for the sake of military provisions. All the asbestos produced at that time was exported to Japan. Again, about 10,000 tons of asbestos was produced during the time from 1978 to 1983. However, since 1990 Korea has stopped its production, due to the high cost of labor, and has mainly depended on imports. In Korea, asbestos has been used for asbestos brake linings and industrial equipment, as well as asbestos panels, gypsum board and heat sinks, so the exposure to the workers in relatedindustries, as well as general residents, is likely to be at serious concentrations.
According to Lippmann's study 9) , incidences of asbestosis are reported to be higher due to fibers with lengths over 2 µm and diameters over 0.15 µm, mesothelioma by the number of fibers with lengths over 5 µm and diameters less than 0.1 µm and lung cancer by the number of fibers with lengths over 10 µm and diameters over 0.15 µm. These results were mainly based on experimentations on animals exposed to the asbestos in the air. To identify dose-response relationships, with health disorders caused by asbestos in human lungs, a series of studies analyzing the asbestos fibers in the lung tissues of mesotheliomas and control groups have been carried out in Germany, Canada and Australia [1] [2] [3] [4] . The subjects and methods employed in each study were different, but all the studies led to the conclusion that amphiboles with lengths over 5 µm have a dose-response relationship with mesotheliomas. However, chrysotile was presumed to have an additive or multiplicative relationship with amphiboles, rather than a direct relationship. In the case of Korea, the results from the mesothelioma cases were insufficient to make a direct comparison, but the data from the control groups of the studies were thought to be useful for a comparative study. Although this study had differences in age and statistics from the control groups of the previous studies, the results for the mesothelioma showed similarity with those of the German study, in that, in the German study, amphiboles with lengths over 5 µm reached the concentration of 1.14 fibers/µg dry lung, while those in the control group were 0.03 fibers/µg dry lung which was the same as in this study.
According to the study of Yu et al. 6) , the analysis of lung tissues from 20 subjects who resided in Seoul indicated that chrysotile accounted for 66% of the total 119 fibers which means about double the amount of amphibole asbestos. However, the present study revealed that the percentage of chrysotile was 46%, which was a bit smaller than for the amphibole asbestos. Besides, Yu's study 6) indicated that there was more amphibole asbestos, as 11 subjects (55%) had chrysotile and 16 (80%) had amphiboles. Conversely, the present study showed the number of chrysotile found in 14 subjects (64%) was similar, but amphibole asbestos was found in only 7 (32%).
Differences in the asbestos concentrations in the lung tissues by residential areas located in big city and rural areas have been explored by two studies 1, 7) . The results led to statistically significant differences of the fiber concentrations for amphiboles and non-asbestos fibers between the urban and rural groups, while the chrysotile concentrations showed no difference between the two groups. It can be said, therefore, that the above two studies gave the same findings as Yu's 6) . Again, in terms of the fiber morphology, Yu's study was similar to ours in that the chrysotile was composed of shorter fibers than the amphiboles, and the chrysotile had bigger diameters and aspect ratios than the amphiboles even though the amphiboles in Yu's study were more diverse in length.
These findings have been confirmed by other studies 1, 7) , as Case 1) reported that it is, first of all, easier to clear longer pieces of chrysotile fiber from the human body than other fibers, including amphibole. Chrysotile is cleared more rapidly from the human body than amphiboles 10) . In other words, the amphiboles concentrations in lung tissue are an index that indicates the amount of accumulation from air intake over a lifetime, while the chrysotile concentration is more likely to be an index for the recent intake. Therefore, these findings can be interpreted as follows: low chrysotile concentrations in lung tissues in rural residents indicate that the amount of asbestos accumulated over a lifetime is smaller in rural areas than in big cities. This was compatible with low amphiboles concentrations found in lung tissues in rural residents.
Yu's study 6) with Seoul residents revealed that predominant non-asbestos fibers were composed of aluminum silicate (56.2%) and iron phosphate (22.7%), whereas Sakai's study 5) with Japanese subjects also showed that the percentages of aluminum silicate and iron phosphate were 62.3 and 18.4%, respectively. Their study results were consistent with those in this study. In particular, Sakai's team 11) compared the composition of fiber types in the lungs with that in air. This led to the probability that aluminum silicate was accumulated in human lungs from air, while iron phosphate was from the lung parenchyma.
The comparison of the asbestos and non-asbestos fibers in the lungs between Japanese and Koreans showed that the Koreans had significantly lower fiber concentrations than the Japanese. This is because Japan has used asbestos longer than Korea. Documentary records state that Japan began to use asbestos 20 yr earlier than Korea, and between the 1980s and 1990s Korea imported 100,000 tons of asbestos on average, while this figure for Japan was 300,000 tons every year 8) . This was partly due to Korea having more buildings made of cement or wood, but it would be necessary to determine the fiber concentrations in the air to make a direct comparison with Japan.
The mean age at death of the Japanese subjects was about 20 yr more than the Koreans. Although there were no relationships between age and the fiber concentrations in some case-control studies 4, 7) , the results were reversed in a study of 81 autopsies in Canada 1) . Therefore, a further study with greater sample numbers will be needed.
Although this study had limited numbers, the other studies 1, 4, 7) also indicated that males have higher asbestos concentrations than females because males have greater exposure to the outdoors air, or asbestos-related occupations, than females. This study, however, can not be used to validate this matter due to the lack of the investigation on the past residential histories of the subjects.
